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In this paper, a numerical analysis to simulate the ceiling collapse in a full-scale gymnasium specimen, which was tested at the E-
Defense shaking table facility in 2014, was conducted. The numerical model consisted of steel structural frames and suspended ceilings 
were constructed. All the members were modeled using linear Timoshenko beam elements and the ASI-Gauss code was applied. The 
numerical result had shown the collapse of the ceilings progressed owing to the detachment of clips that connected the ceiling joists to 
the ceiling joist receivers, which eventually led to a large-scale collapse of the ceilings. 
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Fig. 3 Components of conventional type ceiling with steel furrings
Fig. 4 Gymnasium specimen8)
Fig. 5 Ceilings in the specimen8)
Table 1 Spec of non-seismic ceilings used in the experiment8)
Item Spec 
Horizontal design load None 
Horizontally projected area 19.0×30.0 [m] (570 [m2]) 
Total area 625 [m2] 
Mass of ceiling per area  13.1 [kg/m2] 
Clearance None 
Hanger length 1,500 [mm] 
Hanger interval 1,147×1,000 [mm] 
Hanging bolt W3/8 hanging bolt 
Hanger 
Free hanger 
(permissible substitute of  
JIS standard) 
Single ceiling joist JIS19 type @364 [mm] 
Double ceiling joist JIS19 type @1,820 [mm] 
Ceiling joist receiver JIS19 type @1,000 [mm] 
Clip One-touch clip for JIS19 type 
Brace None  
Finishing material 
Plaster board 9.5 [mm] 
+Rockwool absorber 9 [mm] 
Screw ?3.5 [mm] 
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Fig. 7 Structural frame model of gymnasium
Ridge directionSpan direction
UD direction
(a) Ceiling joist receiver and hanger (c) Single ceiling joist and single clip(b) Double ceiling joist and double clip
Fig. 6 Base materials used for non-seismic ceilings8)
Table 2 Sizes and materials of the components10)
Name Size [mm] Material 
Hanging bolt ?9 JIS G 3101 
Ceiling joist receiver 38×12×1.2 JIS G 3302 
Single ceiling joist 19×25×0.5 JIS G 3302 
Double ceiling joist 19×50×0.5 JIS G 3302 
Clip t0.6 JIS G 3302 
Table 3 Main spec of steel gymnasium specimen8)
Item Spec 
Structure and floors Steel frame, single floor 
Weight 208.2 ton 
Max. height 9.090 m 
Horizontal sizes 30.0 m×18.6 m (6×6 spans) 
Column H400×200×8×13(SS400) 
Column at end panel 
H250×125×6×9(SS400) 
H300×150×6.5×9(SS400) 
Girder H400×200×8×13(SS400) 
Binder H248×124×5×8(SS400) 
Vertical brace M20, M27(SNR400B) 
Horizontal brace M16, M30(SNR400B) 
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Fig. 8 An outline of suspended ceiling model
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Fig. 10 Gymnasium model with suspended ceilings
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Fig. 13 Response acceleration at roof top (1st excitation, ridge direction)
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(a) 15-25 s                    (b) 60-75 s
Fig. 14 Response acceleration at roof top (1st excitation, span direction)
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Fig. 15 Response acceleration at roof top (1st excitation, UD direction)
(a) 15-25 s                    (b) 60-75 s
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Fig. 16 Acceleration response spectrum (1st excitation, 0-75 s)
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Fig. 17 Response displacement (1st excitation, ridge direction)
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Fig. 18 Response displacement (1st excitation, span direction)
(a) 15-25 s
(b) 60-75 s
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Fig. 19 Response displacement (1st excitation, UD direction)
(a) 15-25 s
(b) 60-75 s
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Fig. 21 Location of detached clip elements during each time zone
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Many ceiling collapse damages were observed in wide-area structures such as gymnasiums during the 2011 Great 
East-Japan Earthquake and the 2016 Kumamoto Earthquake. The prevention of ceiling collapse phenomena is an 
important issue not only to save people’s lives, but to keep these facilities to be safely used as shelters after earthquakes.  
In this paper, a numerical analysis to simulate the ceiling collapse in a full-scale gymnasium specimen, which was 
tested at the E-Defense shaking table facility in 2014, was conducted. A numerical model consisted of steel structural 
frames and suspended ceilings were constructed. All the members were modeled using linear Timoshenko beam 
elements and the adaptively shifted integration (ASI) - Gauss code was applied. Hangers and hanging bolts were 
modeled in one piece. The plaster boards were assumed as rigid in out of plane direction and only the mass of rock wool 
boards was considered. Their strength were neglected. Clips and screws were modeled with minute, small elements. 
Each plaster board was modeled separately to consider local contact between plaster boards, which was simulated by 
modeling the screws slightly apart. Elasto-plastic buckling of braces and hanging bolts were considered by modeling 
them with eight beam elements each and two hinge elements on both ends. The clips connecting ceiling joists and ceiling 
joist receivers are small and delicate components that may be detached during repeated excitation. Once there is a local 
detachment of clips, a change in the load distribution may cause a chain reaction of detachments, which ends in a drop 
of plaster boards. Furthermore, the detachments of hanging bolts that are connected to the structural members 
composing the roof, and failure of screws on plaster boards are assumed to be other main causes of the ceiling collapse. 
The results of some preliminary tests conducted to see the actual strength of these components are implemented in the 
analysis for criteria.  
The numerical result was validated by the experimental result, which was performed at the E-Defense under an input 
of two continuous K-NET Sendai 50% waves. The acceleration responses, the spectrum and the displacement responses 
obtained on the roof matched well with the experimental result. According to the results, the plaster boards near walls 
pattered down occasionally at the first peak of the first wave. These were due to detachment of clips and screws caused 
by collisions to the walls. Then, the clips near roof top began to get loose due to buckling of hanging bolts caused by 
vertical excitation, which ends, at the first peak of the second wave, in drop of plaster boards in a wide range. The 
numerical result had shown the collapse of the ceilings progressed owing to the detachment of clips that connected the 
ceiling joists to the ceiling joist receivers, which eventually led to a large-scale collapse of the ceilings. 
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